Summary.-High-mol.-wt levan injected locally inhibits the growth of Lewis lung carcinoma in C57BL mice. The inhibition is dependent on the number of tumour cells injected and on the dose of levan. The inhibition decreases tumour incidence and size as well as prolonging survival. The polysaccharide is most effective when injected daily beginning on the day of tumour-cell inoculation. Treatment begun on later dates is less effective. Treatment begun one day before tumour-cell inoculation enhances tumour growth. Histological studies showed that levan induces an intense polymorphonuclear (PMN) reaction followed by accumulation of vacuolated, levanladen macrophages. Both PMN and activated macrophages seemed to have an inhibitory effect upon the growth of the tumour. The effector role of PMN was not explained by the histological study. Tumour cells in close contact with levan-laden macrophages appeared mostly necrotic. Administration of levan begun one day before tumour-cell inoculation produced a similar reaction, but the infiltrating cells did not appear to approach and damage the tumour cells.
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LEVAN, a high-mol.-wt polyfructoside, has been shown to prevent the passage of cells (Shilo et al., 1956 ) and macromolecules (Davies, et al., 1955; Behar & Shilo, 1969 ) from blood vessels to tissues. It is probably this property which leads to its observed inhibitory effect on acute inflammatory response (Shilo et al., 1956) and wound healing (Wolman & Wolman, 1956) .
Levan inhibits the passage of cells from blood to tissues in processes in which this passage is deleterious (e.g. graft rejection and experimental allergic encephalomyelitis (Berman et al., 1976) ).
It has been shown (Wolman, 1956 ) that the reaction of tissues to repeated injections of levan consists mainly of proliferation of macrophages and their transformation into swollen levan-filled foamy cells. Levan was found to induce morphological (Robertson et al., 1977) and functional (not yet published) changes in macrophages.
It has been further shown that levan is an immunologically active agent (Coutinho & Moller, 1973; Hoenig et al., 1978; Shezen et al., 1978) . We therefore envisaged the possibility that levan could modify the immune reaction of the host to cancer. In fact we found that levan has an inhibitory effect on the development of AKR lymphoma Sinai et al., 1976) . We present here observations showing that levan administration exerts an inhibitory effect on an epithelial tumour, Lewis lung carcinoma.
Many other polysaccharides have been shown to inhibit tumour growth, and the subject has been reviewed by Whistler et al. (1976) . The antitumoral effect of various polysaccharides was explained by different mechanisms. A direct cytotoxic effect on tumour cells was suggested by Belkin et al. (1959) for different polysaccharides of higher plants, and by Roe (1972) for gum tragacanth. A hostmediated effect was implicated for other polysaccharides, as for instance methylcellulose (Lazar & Lazar, 1962) and lentinan (Maeda & Chihara, 1971 ). An effect of bacterial polysaccharides on blood supply to tumours was suggested by Algire et al. (1952) .
The present study shows that the cellular reaction to tumour cells induced by levan treatment might be the principal factor underlying inhibition of tumour growth.
MATERIALS AND METHODS
Mice.-C57BL/6J 6-week-old mice were obtained from the Weizmann Institute of Science, Rehovot, Israel and the Lewis lung carcinoma was kindly supplied by Professor N. Trainin of the Department of Cell Biology at the same Institute. Each of the results presented is representative of 3-5 experiments, composed of 10 mice per group.
Tumour-cell inoculation.-Non-necrotic tumour fragments were suspended in DulbeccoVogt medium, minced, and filtered through several layers of gauze to obtain a cell suspension. Cells were counted in a haemacytometer using the trypan-blue-exclusion test as a criterion of viability. All steps were taken at 4°C. Freshly prepared tumour cells (2x 105) were inoculated s.c. into the backs of the animals.
Levan treatment.-Native Aerobacter levan prepared according to Hestrin et al. (1954) was purchased from the Department of Biological Chemistry Technical Unit, The Hebrew University of Jerusalem. Its mol. wt was -20 x 106. A 5% solution of the above in saline was prepared according to Shilo et al (1956) . Five or 10 mg of levan was injected in the region of the tumour-cell inoculation, beginning on Days -1, 0, 2, or 5 after inoculation. Injections were continued daily until the end of the experiments.
Evaluation of tumour growth. In all these experiments no metastatic spread of tumours was seen.
Effect of varying the time of beginning of levan treatment on tumour incidence Fig. 3 Fig. 4 shows that treatment begun before tumour-cell inoculation enhanced tumour development. Mortality in animals treated from Day -1 was earlier than in untreated mice.
Histological findings
Group 1: Tumour development in untreated animals.-Four hours after tumour inoculation, the injected area contained small groups of tumour cells, the majority of which were necrotic or disintegrating. Few isolated PMNs appeared around and between tumour cells. One and 2 days after inoculation, most tumour cells were necrotic, and only few large tumour cells were seen between the necrotic debris, intermingled with a few polymorphs. At 7 and 14 days the tumours were large solid masses of pleomorphic cells with no inflammatory reaction around them (Fig. 5) (Fig. 6 ). Twenty-four hours after the injection the mass of eosinophilic material was still present surrounded and infiltrated by a large number of polymorphs. In the centre of the mass there was a very dense accumulation of polymorphs. Few macrophages with abundant vacuolar cytoplasm were seen at the margin of the eosinophilic material. At Day 2 the number of polymorphs at the periphery was diminished, and many vacuolated macrophages were seen around and within the amorphous eosinophilic material. At 7 and 14 days, only a few PMNs were present and the whole area was studded with foamy macrophages. On Day 14, in addition to the macrophages, a few proliferating fibroblasts and capillaries were found (Fig. 7) .
Group 3: Topically injected levan from 1 day before tumour-cell inoculation.-Four hours after tumour-cell inoculation a few isolated tumour cells were seen scattered between PMNs and near the amorphous material. After 1 day more isolated tumour cells were seen. Numerous PMNs infiltrated the area with no obvious signs of attraction to tumour cells. In many places the PMNs surrounded deeply stained amorphous masses which might have been dead tumour cells. Apparently undamaged tumour cells were found inside and at the periphery of the area of polymorph infiltration (Fig. 8) . On Day 2 a mixture of large tumour cells, PMNs and macrophages was present. Also here the tumour cells bore no apparent relation to the infiltrate, and tumour cells adjacent to macrophages appeared undamaged (Fig. 9) . On Days 7 and 14 large solid tumour masses were seen infiltrating into the neighbouring tissues, surrounded by numerous PMNs and macrophages. In the dense peripheral infiltrate of polymorphs and macrophages scattered tumour cells were visible. On Day 14 a large solid tumour mass consisting of undamaged cells was surrounded by a rim of vacuolated macrophages.
Group 4: Topical levan treatment begun simultaneously with tumour inoculation.-Four hours and 1 day after tumour-cell inoculation, small groups of isolated tumour cells, many of them necrotic, were seen. A heavy infiltrate of PMNs was found around and between the tumour cells, and in the eosinophilic material. Some of the tumour cells surrounded by the infiltrate appeared shrunken and homogeneously basophilic (Fig. 10) . On Day 1 many vacuolated macrophages were already visible. On Day 2 the findings were similar to those of Day 1. On Day 7 only in one animal was a small group of tumour cells seen, surrounded by a necrotic area with abundant PMNs and vacuolated macrophages. In the 2 other animals no tumour cells were detected. On Day 14 small groups of tumour cells surrounded by dense infiltrates of foamy macrophages were found in 2 animals. Macrophages were also seen penetrating into the mass of tumour cells, giving them a "starry sky" appearance (Fig. 11) . The tumour cells impinging on the macrophages were mostly shrunken and hyperchromatic, with no demarcation between nucleus and cytoplasm, or with relatively small hyperchromatic naked nuclei. The tumour cells not in contact with macrophages were large, with a round nucleus, 2-3 large nucleoli, and abundant basophilic cytoplasm (Fig. 12) Group 4, but the changes in tumour cells impinging on macrophages were similar. Group 6: Topical levan injection startiny 2 days after tumour inoculation.-On Day 2 few isolated tumour cells were embedded in a mass of polymorphs. On Day 7 small groups of isolated tumour cells were surrounded by mononuclear cells and many vacuolated macrophages. On Day 14 a solid tumour mass with areas of necrosis was surrounded by a thick rim of vacuolated macrophages, many of which were seen penetrating the tumour mass. The macrophage reaction was still less than in Group 5 mice, but the changes in tumour cells in contact with macrophages were similar.
DISCUSSION
The experimental results indicate that levan inhibited the growth of Lewis lung carcinoma, in addition to its previously reported effect on AKR lymphoma. This inhibition was manifested by a decrease in the rate of tumour growth, judged by the incidence and size of the tumours, as well as by prolonged survival of the mice.
The antitumour activity of levan could be due to one or more of the following mechanisms: (1) levan might be directly cytotoxic to the tumour cells; (2) it might induce a direct but not cytotoxic change in tumour cells, rendering them eventually more sensitive to other tumoricidal influences; (3) the polysaccharide might enhance the host's reaction against the tumour cells.
The enhancement of tumour growth in animals treated from Day -1 indicates that mechanisms other than direct cytotoxicity are operating in the antitumour effect of levan. In fact, administration of levan before tumour-cell inoculation increases the local concentration of the drug and could be expected to be more efficient than treatment begun on the day of inoculation, if a direct effect were implicated. Other studies in our laboratory have shown that levan is not directly cytotoxic to tumour cells in vitro (Brudner et al., in preparation) , although it induces a change in permeability of these cells.
S.c. injection of levan was shown to elicit an acute inflammatory reaction followed by growth of macrophage-rich granulation tissue. This is consistent with the findings of Spector et al. (1968) , who observed a similar reaction with dextrans. Thus levan, which inhibits cellular infiltration when systemically administered, provokes such reaction by topical administration.
The present study shows that the development of Lewis lung carcinoma inoculated s.c. in mice was inhibited by topically injected levan, mainly through the host's reaction. Whereas the inoculation of tumour alone did not cause any host reaction, the levan-treated animals reacted in the first 24 h with an intense polymorphonuclear (PMN) infiltration, followed by accumulation of vacuolated macrophages. Already during the first 2 days after tumour inoculation and simultaneous levan treatment, the tumours were smaller than in the non-levanized animals, with extensive necrosis of tumour cells in the vicinity of the PMN and macrophage infiltration. This finding indicates a possibly important role of PMNs and macrophages in the defence mechanism against tumours.
Intensive PMN reaction was found by Hanna et al. (1972) in tumour regression after injection of BCG into the tumour. Similar findings were reported by Lieberman et al. (1975) after BCG injection into human malignant melanoma. Snodgrass et al. (1975) also described PMN infiltration into transplanted lung carcinoma treated with pyran copolymer. The precise role of PMNs in tumour-cell destruction is unknown. Another mechanism for the cytotoxicity of activated macrophages against tumour cells was suggested by Hibbs (1974) who demonstrated transfer of lysosomes to the tumour cells from activated macrophages. Snodgrass & Hanna (1973) showed that tumour cells were killed when they were in close contact with the plasma membrane of BCG-activated macrophages. A similar finding was reported by Snodgrass et al. (1975) Bomford & Moreno (1977) showed an in vitro antitumour effect of cytostatic macrophages induced by levan. They actually showed that macrophages activated by low doses of levan had an antitumour effect, but practically only in vitro. A stimulated macrophage reaction around the tumour was found for other polysaccharides by Tokuzen (1973) . Another, non-polysaccharide polymer, pyran, has been shown by Schultz et al. (1977) to have a similar effect.
Our findings are in agreement with the studies of Snodgrass & Hanna (1973) and Snodgrass et al. (1975) showing intimate contact between activated macrophages and tumour cells. This conclusion is supported by yet unpublished results which show that macrophages harvested from the peritoneum of levan-treated mice delay tumour appearance. Levan seems to represent an efficient activator of macrophages.
The administration of levan beginning on the day before tumour-cell inoculation was shown to enhance tumour growth. A similar effect of preliminary treatment with levan was found in the AKR lymphoma (Sinai et al., 1976 ). The microscopic findings described here might contribute to the understanding of this phenomena; although levan injection produced a PMN and macrophage response, the cells appeared not to have been attracted to the tumour cells and not to damage them.
In addition, levan administered before the injection of tumour cells may block the RES. Impairment of macrophage function was shown by others to enhance tumour growth (Isa & Sanders, 1975) .
